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ART. XXIII.-Notices of papm's in Physiological Ohernistry
No. II; by GEORGE F. BARKER, M. D. 

5. On the formation of Sugar in the liver.* 

[Continued from page 32.] 

(43.)t In a paper on the origin of the sugar of the chyle, 
published June 28, 1858,~ COLIN calls attention to the large 
amount of saccharine matter produced in the intestines. A 
horse, for example, consuming daily 5 kilograms of hay, as 
much straw, and 3'6 kilos. of oats, obtains from this food, accord
ing to Boussingault, 6196 warns of sugar, of starch and of other 
analogous principles, capable in great measure, of being con
verted into glucose and dextrin. A fraction of this mass en
ters the portal vein, goes to the liver, and thus reaches the gen
eral circulation; another fraction, mixed with the chyle is ab
sorbed by the lacteals, and poured into the blood; so that this 
fluid finally receives the whole of the absorbed products. Is it 
a matter of surprise, therefore, that sugar should be found in 
the chyle? and can its intestinal origin be doubted? Pois
seuille and Lefort have asserted that the sugar found in 
herbivorous chyle is brought by the lymphatics and the arte
ries from the liver; though they have given no proof of this 
singular assertion. 'I'o account for the presence of sugar in 
the chyle they contend, 1st, that it is carried there by the blood 
and lymph; 2d, that the lacteals cannot absorb it, even when 
ready formed; 3d, that the chyle is simply an intestinal 
lymph, to which fatty matters have been added; and 4th, that 
the glucose found there is in small quantity, much inferior to 
that existing in other lymphatic vessels. As to the first point, 
the liquid taken from the great chyliferous tnlllks passing to 
the receptaCUlum chyli of a carnivore, as also the fluid drawn 
from the large lacteal vessels which accompany the mesenteric 
arteries of ruminants fed on meat, is evidently pure chyle un
mixed with lymph; and, as it contains sugar, this sugar must 
have come from the intestine. To controvert the second as
sertion, nothing is easier than to show that the lac teals absorb 
saccharine substances with great facility; since the liquid 

* From this point, the range of the discussion widens to include the amyloid 
function not only of liver tissue, but also of other tissues. The obvious bearing 
of these facts on the glycogenic theory, is a sufficient reason for noticing them in 
this connection. 

t Through an oversight, paragraphs (43) and (44) in the January number, were 
prematurely inserted. They should be nnmbered (55) and (56), and placed in 
"heir proper order. 

~ C. R. t xlvi, 1264. 
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taken from a thoracic fistula after a saccharine food, shows a 
gradually increasing proportion of sugar as the absorption 
goes on. In the third place, physiologists generally agree in 
considering the chyle as the product of an absorption effected 
by the intestinal villre; they think with reason that the chyle 
comes from the food because of' its' fibrin and albumin, its fatty 
matters and salts. Why does it not derive its sugar also from 
this source? But lastly, it is not true that chyle contains less 
glncose than lymph. The authors quoted have compared the 
one liquid taken from a herbivore, with the other from a carniv
ore; the chyle from a mutilated and dying cow with the lymph 
taken from a dog. Colin, ori the other hand, as a result of ex
periments on more than 30 animals, cows, bulls, rams, pigs, 
and dogs-the two fluids being collected at the same time
finds that the amount of sugar is sometimes equal in both, some
times unequal; but that in the latter case, the difference is al
ways in favor of the chyle. The absolute quantity of glucose 
in the chyle is somewhat variable; it is less with herbivora than 
with flesh-eaters, since in the former the chyle is largely diluted. 
In the solipeds and in ruminants fed on hay and straw, it 
oscillates from 130 to 160 milligrams to the 100 grams of liquid; 
in the carnivora fed exclusively on meat, from 120 to 140. It 
increases rapidly when the food is rich in sugar; with a dog 
previously fed on meat, it rose from 137 to 205 milligrams 
within two hours after the ingestion of a liter of milk contain
ing 40 grams of glucose, and then returned to the normal quan
tity. In the case of a horse whose chyle, when fed on hay and 
straw, contained 150 milligrams of sugar in 100 grams, it rose 
to 214 milligrams in one hour after giving the anima's 200 
grams glucose in several liters of water; and to 259 milligrams 
two hours later. Moreover, the activity of digestion affects the 
amount of sugar. The chyle of a bull, having a thoracic fistula 
ii'om the mesenteric lacteals, and another from the lymphatics 
of the neck, showed at first 104 to 110 milligrams of sugar; 
as the animal became feeble it fell to 84, then to 66, and at 
death only traces could be detected. Lastly, compared with 
the lymph, the quantity of sugar varies very little; in a bull. 
100 grams of chyle contained 106, oflymph 102 mil igrams of 
sugar; horse A, chyle J49, lymph 123 milligrams; horse B, 
chyle 141, lymph 112 ; mare, both158 milligrams; a dog, chyle 
128, lymph 152; a second dog, both 135. 

(44.) POISSEUILLE and LEFORT replied to Colin, July 19,~) 
stating that he had evidently confounded the results of separate 
experiments made by them. His statements refer solely to 

* C. R., xlvii, 112. 
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the experiments on fasting carnivora (Exp. A) where it is 
stated that "the sugar found in the lacteals comes from the 
lymphatics of the liver ;" nowhere is this fact stated of the 
herbivora in full digestion. In these animals glucose was 
recognized (Exp. D) not only in the chyle but also in the blood 
of the inferior and superior venre cavre, in the mucus of the small 
intestine, in the intf\stinal walls, in portal blood, etc. It was 

. distinctly stated that the sugar in the intestinal wans might have 
come from the intestinal contents. As to Colin's results, by 
which he proves that the chyle contains more sugar than the 
lymph, in opposition to the opinion they expressed, Poisseuille 
and Lefort leave the matter to -the Commission having the 
papers to report upon. 

(45.) On the second of August, BERTHELOT communicated a 
paper to the Academyl:' on the transformation into sugar of 
various proximate principles contained in the tissues ofinverte
brate animals. The animal matter which enters into the com
position of the vertebrate skeleton is markedly different from 
that contained in the invertebrate skeleton. In the former it 
is insoluble in cold water, soluble in alkalies and much resembles 
albumin; in thulatter, two distinct varieties exist, one of which 
resembles horn very closely, while the other has a remarkable 
identity with cellulose, the chief constituent of vegetable tis
sues. Chitin is an example of the former j the substance form
ing the mantle of tunicate molluscs, of the latter. Both are 
insoluble in hot and cold water, in alcohol, acetic acid, etc.; are 
not attacked by ooncentrated boiling potassic hydrate nor by 
dilute mineral acids. Neither of them presents any resem
blance to albumin. When the tllnicate envelop is obtained 
free from nitrogen, it has the composition of cellulose; chitin 
however, contains, even when purified, .'. of its weight of ni
trogen. The one is an isomer of cellulose; the other has only 
a certain analogy with it. Thus far, no more intimate bond 
of union between the chemical functions of these bodies and 
those of vegetable cellulose had been obtained. Berthelot 
sought such a connection by boiling for several hours with con
cellil';Lted hydl'Ochloric acid, the envelop of an ascidian COynthict 
papillata Say) then boiling again with a potash solution of' 
32° E., waRhing thoroughly, drying and analyzing it. Numbers 
were obtii,ined identical with those given by cellulose,' but 
since this mat.erial is evidently distinct from that substance, 
not being altered by boiling with dilut.e mineral acids for many 
weeks even, he proposes for it the name tunicin. When treated 
in the cold with concentrated sulphuric acid, however, it slowly 

* c. R., xlvii, 221. 
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dissolves; and on dropping the solution into- 100 times its 
weight of boiling water, saturating by chalk, filtering and 
evaporating, a syrupy liquid, browned on heating with potassic 
hydrate, reducing the copper-tests, and fermenting with yeast, 
is obtained. Chitin when treated by the same process, also 
yields glucose. 

(46.) Some experiments on the accurate determination of 
sugar by the fermentation process in an improved apparatus, 
were communicated by POISSEUILLE to the Academy on the 
6th of December.;.'! The copper-test often fails to give a pre
cipitate in liquids containing sugar; and the saccharimeter is 
useless when the liquid to be tested is colored. The fermen
tation test then is the or.1y one left; and this is accurate only 
when certain precautions are employed. The special apparatus 
devised by Poisseuille consists of a graduated tube open at 
both ends, and having a capacity of from 18 to 100 c. c. The 
upper end is closed with a cork, through which passes a funnel 
tube with a lateral opening near the bottom; the lower t:nd is 
enclosed in an india rubber tube, closed below, in which it 
slides freely, the object being to increase in this way the capa
city of the apparatus. This caoutchouc tube is 17 to 18 cen
timeters long. The amount of sugar in the liquid to be tested 
having been approximately determined by a copper-test, a suit
able graduated tube is selected, a known volume of the decoction 
is placed in it, some yeast diffused through distilled water is 
added, the whole is corked and placed in a vessel of water of 
the desired temperature. As the fermentation goes on, carbonic 
acid gas is disengaged and forces the liquid up the central 
tube; it falls again, however, on lowering the rubber tube. 
When the experiment is concluded, the gas is easily measured, 
the necessary corrections made, and the amount of'sugar calcu
lated. If the contained gas be agitated with a solution of 
potash introduced through the funnel tube, the amount of 
carbonic acid evolved may be more accurately estimated by 
absorption. 

(47.) In a subsequent llote read Dec. 27,t POISSEUILLE men
tions that the liquids used in his apparatus should be previously 
saturated with carbonic acid gas at a temperature of 32°C. After 
the fermentation, the apparatus is placed in water at this tem
perature, and the gas measured. To free the liquids used from 
contained carbonates, they are slightly acidulated with tartaric 
acid; after gas ceases to escape, they are placed in the a ppara
tus. 

/I C. R., xlvii, 906. t C. R" xlvii, 1058. 
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(48.) On the 10th of January, 1859, BERNARD read a memoir 
before the Academy, l,'I on a new function of the placenta. 
"The object of my communication" he says, "is to establish 
anatomically and physiologically the fact that beside the va
rious uses without doubt sub served by the placenta, it is de
signed to accomplish the glycogenic function of the liver 
during the early stages of fretal life, before this organ has ac
quired the structure which fits it for doing this work." He had 
in 1854 recognized the fact that the glycogenic function did 
not commence until a comparat.ively late period of intra-uterine 
life, though from the commencement of organization, the fretal 
tissues contain either sugar or glycogenic matter, apparently 
as a necessary condition of their development. Now it has 
been demonstrated experimentally that in mammals this gly
cogenic matter does not come from the mother; a fact obviolls 
enough in birds, where the fretus is separately developed. 
Hence this glycogenic function, performed later by the liver, 
must, in the earlier stages of int.ra-uterine life, be either diffused 
through various tissues, or located temporarily in unknown 
embryonic organs which cease to act when the liver becomes 
active. Experiment has shown the latter to be the true hypoth
esis; there exists, even before the liver can act, a true hepatic 
placental organ, which produces glycogenic matter; and this 
provisional function disappears at the precise period of intra
uterine life when the liver becomes capable of performing it. 
The multiple placentas of ruminants were first examined, 
since they were readily procurable in the abattoirs of Paris. 
But though very numerous experiments were made with calves 
and lambs at all stages of intra-uterine life, no traces of gly
cogenic matter could be detected in any part of t.he placenta. 
Rabbits and guinea pigs were then used for the experiment; 
and in the placentas of these animals was a whitish substance 
formed by the agglomerated epithelial or glandular cellules, 
which cellules like those of the adult liver, were filled with gly
cogenic matter. The mass of these cellules seems to be situated 
between the maternal and the fretal portions of the placenta; 
after attaining full development, it becomes atrophied, and dis
appears as the fretus approaches birth. The placentas of these 
animals have therefore two functions: the one vascular and 
permanent until birth, the other glandular, with a more limited 
duration. But why the failure with ruminants? Believing that 
the cause was to be found not in the absence of this function. but 
in a variation of it, Bernard undertook a re-examination of the 
question; and this with complete success. A remarkable and 

* C. R., xlviii, '1'1. 
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unexpected result was obtained; he fouud that among the 
ruminants, while the vascular portion of the placenta-repre
sented by the multiple cotyledons-accompanies the allantois' 
and spreads out upon its external surface, the glandular por
tion of this organ is separate from it, being developed upon the 
internal surface of the amnion. In rodents therefore, and in 
other animals having a simple placenta, the glandular and vas
cular portions of this organ are intermixed; while in the rumi
nants, on the contrary, these two portions of the placenta are 
developed separately upon distinct membranes, and can there
fore be separately studied during their evolution. By this ana
tomical disposition, it may be clearly proved that the vascular 
portion continues to grow until birth; while the glycogenic por
tion, attached to the amnion, is largest during the earlier 
periods of gestation, reaching its highest development during 
the third or fourth month of intra-uterine life; and then, that 
it gradually atrophies and disappears, so that at birth no trace 
of this temporary hepatic portion of the placenta exists. 
During the whole period of growth of this organ, the fretal 
liver has neither structure nor function; as soon however as 
the liver is developed and its cellules begin to secrete glycogenic 
matter, the hepatic organ of the amnion disappears. These 
hepatic plates of the amnion appear among ruminants, very 
early in freta} life; they are developed on the internal surface 
of this membrane, beginning near the line joining it to the skin 
and extending over its entire surface. The presence of glyco
genic matter in them may be easily shown at all periods of their 
development by means of iodine, which colors the contents 
wine-red and thus defines the cellules. To prepare the gly
cogenic matter, the amnion is placed in hot water, and the 
plates are then removed by trituration in a mortar. On boiling 
the mass in water and precipitation by alcohol, this substance is 
obtained, exactly as in the case of liver-tissue. The glycogenic 
matter thus prepared from the amnion has the most perfect 
identity with that made from the liver; it dissolves in water, 
giving a milky solution, from which it is thrown down by 
alcohol and by glacial acetic acid; iodine colors it an intense 
wine-red,-the color disappearing by heat and reappearing 
when cool-and it changes into dextrin and fermentable sugar 
by the action of diastasic ferments, and of acids. Bernard 
then gives an elaborate account of the histological development 
of these plates and their subsequent fatty degeneration. The 
following are the conclusions reached by his researches: 1st, 
there exists in the placentas of mammalia a function now first 
announced, which appears to supplement the glycogenic fnnc-
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tion of the liver during the early stages of intra-uterine life. 
This function is localized in certain glandular or epithelial 
elements of the placenta, which elements in some animals are 
mixed with the vascular part of this organ, but are separated 
from it in the ruminantia, forming on the amnion plates which 
are epithelial in appearance. 2nd, this hepatic placental organ, 
by permitting the direct study of the production of glycogenic 
matter in an isolated anatomical element, confirms and com
pletes the statement long ago made, that the formation of 
starchy matter is a fUllction common to both kingdoms of 
nature. We see here this matter accumulating round the 
animal embryo, precisely a~ in the seeds of plants, it surrounds 
the vegetable germ. 3d, the glycogenic function in animals, 
begins at the outset of' embryo life, and before the organ in 
whiehit is located in adult life is developed: it is then located 
in a temporary organ belonging to the appendages of the fretus. 
4th, the question arises, is the biliary function which is pos
sessed by the adult liver, also performed by the placental hepatic 
oq!,an now described? And again, do the same glandular 
eltiments of the liver perform both functions, or is there a 
distinct kind of cellule for each? Bernard thinks that this 
question may be settled by researches on the embryonic devel
opment of these functions now in progress. 

(49.) SERRES followed Bernard with some remarks on lhe 
glycogenic bodies found in the umbilical membranes of bi\'ds.~;i 
In the course of the second or third day of incubation, as is 
well known, a vascular membrane covering the entire surface of 
the vitellus, is developed. These capillary vessels originate 
from separate centers called the sanguineous points of Wolff; 
th(·y gradually extend their ramifications and thus form 
patches of radiating vessels, which anastomose about the 
thirtieth or fortieth hour forming a beautiful vascular network. 
Between these sanguineous patches there are small glandular 
bodies covering the entire surfilce of the umbilical membrane. 
Under the microscope they may be detected as early as the 
twenty-fifth hour of incubation, being distinguished by their 
white color from the vascular patches; they are more di~tinct 
about the 35th hour. More than five hundred of these bodies 
have been counted; they continue to increase up to the sixth 
day when they are hidden by the vascular network. The 
nature of these bodies as well as the function which they per
form had thus far not been made out. After listening to the 
remarkable paper of Bernard, however, Serres could not doubt 
that these bodies were completely analogous to the glycogenic 

* c. R., xlYiii, 86. 
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glands of the placenta; birds being a class of animals in which 
the placenta is represented in part by the umbilical membrane, 
in part by the allantois. May it not be asserted therefore, that 
like mammals, birds also have a transitory liver; especially since 
the inverse relation of this organ to the actual liver is also true 
of them? The liver in birds does not act till the 11th or 12th 
day of incubation; and precisely at this time the umbilical 
membrane is replaced by the allantois which contains no glyco
genic glands. 

(50.) A second paper by BERNARD was presented to the 
Academy on the 14th of April, « on the relation of the glyco
genic matter to the development of certain feetal tissues before 
the appearance of the liver function. The object of' his re
searches was to ascertain what particular histological elements 
are accompanied in their development by glycogenic matter. 
For this purpose the organs examined were divided into two 
classes: 1st, the exterior or limiting organs, comprising the 
cutaneous and mucous tissues; and 2d, the interior or con
tained organs, including the osseous, muscular, nervous, and 
glandular tissues. On examination, Bernard found that the 
first class of tissues, i. e., all ext61ior epithelial membranes, 
whether constituting a mucous or a cut.aneous surface-contain 
glycogenic matter at certain periods of footallife. In the cuta
neous surface, this substance is found infiltered into the tissues 
of the skin, as well as collected in the cellules of' the epithelium 
which covers it. Certain animals, as the pig, show this very 
clearly; while with the rabbit, the cat~ and the calf it is more 
difficult to recognize. The existence of the glycogenic matter 
in the skin of a feetus may be demonstrated by scraping it with 
the blade of a sharp knife, and examining the matters removed 
under the microscope. Among the histological debris are seen 
the cellules both containing and sUlTounded by granular matter 
which is turned wine-red in color by an acidulated solution of 
iodine. In this way, the disposition of the glycogenic matter 
in the skin at all periods of'development, may readily be stud
ied.t This microscopic evidence has always been confirmed 
chemically, by making a decoction of the tissue; an opaline 
solution is thus obtained, which is colored wine-red by iodine, 
and is precipitated by alcohol and by glacial acetic. acid in ex-

* C. R., xlviii, 6~3. 
t To show to the eye the distribution of the glycogenic matter, Bernard places 

the entire fretus in an acidulated alcoholic solution of iodine. The hornyextrem
ities, the cutaneous orifices-as the anus and thc nasal openings-the eyelids, the 
ears, and the cornea are most colored. The glycogenic matter in the placenta may 
also be shown in this way. 

AM. JOUR. SCI.-SEC~ND SERIES, YOLo XLVII, No.l40.-MARCH, 1869. 
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cess; it is also changed into sugar very readily by the action of 
acids and ferments, and in a word, possesses all the characters of 
that obtained from the liver or the placenta. The horny appen
dages of the skin, too, contain glycogenic cellules, which disap
pear as development progresses. In the skin itself, the glyco
genic matter disappears rapidly; being absent toward the 
third or fourth month of intra-uterine life, in calves 25 to 30 
centimeters long, in which well defined epithelium is present. 
Even when absent from the cellules, it is found infiltrated into 
the skin. Mucous surfaces also, at certain stages of develop
ment, show glycogenic cellules. 'With embryo pigs, calves, or 
lambs 3 to 6 centimeters long, they may be observed in the 
mouth, tongue, pharynx, stomach, large and small intestine, oc
CUlTing in the epithelium surrounding the villosities. The mu
cous surfaces of the air passages, and also of the genito-urinary 
passages show the same fact. It thus appears that all the 
exterior limiting surfaces possess during fretal life, before the 
epithelium is fully developed, a glycogenic evolution. Of ser
ous membranes however, the same cannot be said; no glyco
genic matter having been found in the epithelium lining the 
pleura, the peritoneum or the arachnoid. With regard to the 
internal or contained tissues, they form a separate group, being 
with few exceptions, unaccompanied by glycogenic matter dur
ing their development. The osseous and nervous systems con
tain no glycogenic matter at any stage; the brain, the spinal 
cord, the bones-freed from periosteum-and the cartilages, 
not only in the human fretus, but in that of the calf, sheep 
and rabbit, though examined in many ways and at all periods 
of growth, gave no result. Muscular tissue however, appears 
to form an exception, since it contains glycogenic matter; but 
the arrangement of this matter is different from that just 
noticed. In the very young embryo of the calf, for exampie, 
2 to 4 centimeters long, embryonic cellules not colorable by 
iodine are found in the positions soon to be occupied by mus
cular tissue; a little later, when the fretus is from 15 to 20 
centimeters long, and when the histological elements of the 
muscle appear, the muscular fiber is seen as a tube containing 
nuclei mixed with a granular matter colored red by iodine; 
this is best seen in the fretus of the cat. As the fiber deyel
ops it soon becomes striated; but the glycogenic matter though 
lessened in amount is not absent, but seems infiltrated into the 
tissue. In no case did this glycogenic matter appear organized, 
nor was it contained in cellules. This substance is also present 
during the development of the smooth muscles of the heart 
and of the intestines; in the fiber itself it is sometimes diffi-
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cult to demonstrate this, hut with a decoction of the tissues 
the reaction is easily obtained. This glycogenic matter remains 
in the muscular tissue during the entire period of intra-uterine 
life, and disappears very rapidly after birth by muscular and 
respiratory action. The glandular system too, contains during 
fretal life no glycogenic matter; the salivary glands, the pan
creas, the glands of Lieberkiihn, the spleen, and the lymphatic 
glands having been examined. One glandular organ, the organ 
which in after life performs the glycogenic function, must be 
excepted. Though in its evolution, the liver is not accompa
nied by glycogenic matter, yet toward the middle of fretallife 
it becomes histologically developed and acts as a biliary and 
glycogenic organ. It seems designed therefore, to continuE' in 
the adult a fretal function previously performed by other and 
temporary organs. Glycogenic matter then, plays as important 
a part in the organic development of the filltus as it performs 
in the nutritive function in adults. "We know in fact that 
it ceases to be produced in the liver whenever any morbid con
dition arrests the nutritive function. The substance then which 
effects the evolution of the fretal organs continues to be con
cerned in their nutrition in the adult. This fact establishes a 
direct connection between organic development and those nutri
tive phenomena which under various aspects, are only a con
tinuation of it," The phenomena of nutrition in the adult 
may therefore be elucidated by studying the phenomena of fre
tal evolution. 

(51.) A paper by ROUGET was presented to the Academy 
April 18th, ~ calling attention to previous memoirs. communi
cated to the Societe de Biologie, in which he had shown that 
the amylaceous substance in the amnion and placenta is not 
the product of a peculiar organ and is not contained in special 
glycogenic cellules, but occurs in the more or less modified epi
thelial cells of these membranes. Farther researches upon 
other epitheliums had detected this substance in the epidermic 
cells of the skin, the soft palate, the tongue, the stomach, and 
in all the cylindrical cells of the epithelium covering the sur
face of the large, and the villi of the small intestine. With 
certain animals, all the intestinal epithelium is filled with amy
laceous matter three or four days before birth; though at this 
time the liver, completely developed for a long period, furnishes 
this matter abundantly. Finally, finding epithelial cells con
taining glycogenic matter on the lingual and vaginal mucous 
membranes even after birth, Rouget concludes that the presence 
of amylaceous matter in any tissue does not argue a special 

* C. R., xlviii, 792. 
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function, but is simply due to the peculiar constitution of the 
tissue itself. From these facts it is clear that to the proteic 
and fatty substances of food, now regarded as the only ones 
which form animal tissues, must be added amylaceous matters, 
which form tissues as truly in the animal as in the vegetable 
kingdom. 

(52.) In a letter from SCHIFF, read to the Academy May 2d, 1!1 

while he agrees with Bernard that a portion of the granulations 
in the hepatic cenules is animal starch, he claims to have dis
covered this fact himself in 1856, and to have published it in 
the Archives de Tiibingue for 1857, in a communication dated 
the 18th of March. Two sorts of granulations surround the 
nucleus in the hepatic cellules. The first sort are large, have 
well marked outlines, are almost black in color, soluble in alco
hol and ether and become diffluent in acids and alkalies. From 
8 to 20 of these are contained in a single cellule. They seem 
to be fat globules. The second sort are very much smaller, are 
peliectly rounded, the contour being distinct though pale; they 
are insoluble in alcohol and ether, take a brownish-yellow color 
with an acidulated tincture of iodine, and resemble in general 
the starch of the compositm, as the dahlia and arnica. They 
are much more numerous than the others, and were regarded in 
] 857 as animal starch, for the following reasons: (1) when the 
liver continues to produce the glycogenic matter, but the fer
ment faill'! in the blood so that it is not converted into sugar, 
the hepatic cellules become enormously distended with this sub
stance; (2) when placed in a liquid containing a ferment, these 
cellules gradually diminish, while the liquid becomes charged 
with sugar; the action ceases when the cellules are empty; 
(3) with batrachians normally, and with mammals and birds, 
whose liver is saccharine at death, the globules are very nume
rous; the number howlwer, is less than with batrachians in 
wint.er; (4) the number of globules at death is always related 
to the amount of sugar which the liver can furnish; (5) in 
passing into sugar, these globules becfJme yellowish drops, 
soluble in water, insoluble in alcohol; evidently animal dex
trin; (6) when in the spring the ferment reappears in the blood 
of frogs, the globules diminish and the hepatic cellules are 
filled with these drops, and the liver changes color, passing 
from dark brown to yellowish or reddish; (7) this change of 
color takes place at different periods with different species; 
with Rana esculenta it is very late, the liver not becoming sac
charine in Switzerland till the end of May; adults pass through 
it sooner than young animals, females earlier than males; (8) 

* c. R., xlviii, 880. 
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elevation of temperature alone will not produce the ferment 
and transform the starch; a large number of frogs were kept 
for more than six months and no sugar was formed though 
the hepatic cellules were full of starch; (9) in some cases these 
O'lobules may be absorbed without producing dextrin or sugar; 
they appear to suffer a change which gives rise to oxalic acid; 
(10) the diseased livers of mammals, of birds and of frogs 
which contain no starch, are much darker than those in which 
the glycogenic transformation is carried on; (11) during hiber
nation, both the ferment and the hepatic starch are present, 
though the latter is diminished in amount; (12) nitrogenous 
tissues treated with cane sugar and sulphuric acid become yel
low and then reddish-purple; since therefore the walls of the 
hepatic cellllles and not their contained globules, are colored 
by this treatment, the latter do not contain nitrogen. Ber
nard's glycogenic matter according to Schiff, is not a pre-exist
ant anatomical element, but a product derived from this by the 
processes employed. 

(53.) BERNARD followed this paper by a recapitulation of 
the dates of his own discoveries.~;f First, in 1854, he announced 
the existence of glycogenic matter, under the qualified name" a 
sort of animal starch," in various frutal mammalian tissues, 
though the substance itself was not then isolated. At the 
same time, he compared at length, the part which saccharine 
and amylaceous matters play in the organic evolution of ani
mal and vegetable tissues, and concluded with the opinion that 
these substances seemed to enter as an essential condition of 
development of the tissues of both kingdoms of mtme. 
Second, in 1855, he published an experiment fundamental to 
the glycogenic theory; showing that when the sugar of a 
healthy liver was removed by washing, the saccharine substance 
was renewed; thus proving that the sugar is not formed by the 
splitting up of certain blood elements, but by a fermentation 
analogous to that taking place in vegetables. Third, in 1857, 
the isolation of the glycogenic matter was communicated to the 
Academy on the 23d of March; and, since these experiments, 
there for the first time described, are referred to in Schiff's 
paper of the 18th of March above mentioned, it is evident that 
his paper was antedated and is actually posterior in date to this. 
The glycogenic matter was here called amidon animal; and 
it was shown to be an isomer of vegetable starch, having all 
its physical, chemical, and physiologicil.l properties, changing to 
dextrin and sugar by acids and ferments, rotating the polarized 
ray, etc. The existence of the ferment both in the liver-tissue 
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and in the blood was there shown. The mechanism of the func
tion bad been annonnced before Schiff's experiments appeared. 
"M. Schiff says himself that he agrees with me; but he thinks 
that he has more accurately distinguished and located micro
scopically the hepatic starch, and so has proved my views better 
than I have myself. If this be so, I cannot but be satisfied; 
but I see not how this gives him any claim to priority." 

(54.) On the 30th of May, BOUGET communicated another 
paper to the Academy, ~~ on the amorphous amylaceous matter 
contained in the vertebrate and invertebrate fmtal tissues. 
This substance-for which he proposes the name Zoamylin-is 
not granular, but consists of a plasma holding in suspension fatty 
or nitrogenous granulations. Moreover, ossifiable cartilages 
must be added to the embryonic tissues containing amylaceous 
matter; though this is not found in the substance of the carti
lage, but only in the cells, which in a fretallamb I! to 2 months 
old, are colored rose-violet with iodine. With this amylaceous 
plasma too, the epithelial cells of the digestive, respiratory and 
genito-urinary passages, of the interior of the eyelids and even 
of the cornea, are filled. With young ruminant embryos, the 
cartilaginous, muscular, and epithelial elements of which con
tain zoamylin, no trace of glycogenic cellules appears on the 
surface of the amnion. When these are present their mode of 
development, their form, constitution and general appearance 
are precisely like those of the cellules of the horny layer of the 
epidermis; and hence prove the amnion to be an extension 
simply of the skin. The presence of amylaceous matter in t.he 
amnion and placenta, therefore, is not a special case, since all 
fretal tissues contained it. No new hepat.ic organ exists, nor 
has the placenta any new function. The presence of this sub
stance is the evidence, not of a new function in an organ,· but 
of a new property of tissues. The production of sugar is not 
the object but the consequence of the existence of zoamylin in 
the organism. The sugar accumulated by the urinary secretion 
in the allantoic and amniotic fluids, is a result of the destruc
tion of the fretal zoamylin, precisely as urea is produced by the 
metamorphosis of proteic bodies. 

(55, 56.) Already given as paragraphs (43) and (44). 
* c. R., xlviii, 1018. 

(To be concluded.) 




